Quantification of L/R asymmetry of nuclear dmKO2 intensity levels, which is significant in WT, 
Fluorescence intensity measurements
Mean plot intensity profiles of indicated heart regions were measured using the Fiji rectangular selection tool subsequently analyzing the plot profile. To measure individual nuclear pSmad-1/5/8 signal intensities, cell nuclei were manually surrounded using the Fiji freehand selection tool and mean intensities of selected areas were analyzed. Statistical analyses were performed using the student's t-test algorithm in Excel (Microsoft).
Mathematical modeling and 3-D visualization
We used custom-written software to represent the motion tracks of cardiac cells in 3 The most important parameter of the model calculations was the left-right motility difference.
We ran the model simulations 10 times each for five different values of this parameter, investigating the effect of 4, 6, 9, 12 and 14% left-bias.
The effect of highly motile clones was simulated by setting the motility of 10% of cells on the right side (for right-side clone effects) or on the left side (for left-side clone effects) to be 2.1 fold higher than that of the "regular" cells. The simulation created the original set of cells randomly, thus, on average, half of the cells appeared on the left side, whilst the 10% ratio of fast clones was calculated based on the total cell number.
Antisense oligonucleotide morpholino injections
MOs (Gene Tools) were injected at a concentration of 150 µmol/l for spaw, 250 µmol/l for has2
(considered low dosage for this MO) and 100 µmol/l for ntl into one to four cell stage embryos.
spawMO: 5`-GCACGCTATGACTGGCTGCATTGCG-3` (Long et al., 2003) has2MO: 5`-AGCAGCTCTTTGGAGATGTCCCGTT-3` (Bakkers et al., 2004) ntlMO: 5'-GACTTGAGGCAGACATATTTCCGAT-3' (Shestopalov et al., 2007) 
Blebbistatin treatment
Zebrafish embryos were kept in E3 medium supplied with 2 µmol/l, 6.6 µmol/l, or 20 µmol/l of Blebbistatin. Controls were incubated in 0.02% DMSO in E3 medium. Embryos were incubated in Blebbistatin between 19-24hpf.
Whole-mount in situ hybridizations
Single antisense riboprobes for whole mount in situ hybridization (WISH) were synthesized with the DIG-UTP labeling kit (Roche) in a 10μl reaction format WISH was basically carried out as described (Hammerschmidt et al., 1996) with following modifications: The prehybridization step was prolonged to 24 hours. The wash step with 2xSSCT/50% formamide was carried out once for 2 hours. RNase A treatment was replaced by a standard wash in PBST at room temperature.
Embryos were equilibrated to MABT (100mM maleic acid, 150mM NaCl, 0.1% Tween-20; pH 7.5) by 3x 5min washes and blocked in MAB supplemented with 0.2% Tween-20, 0.2% Triton-X 100 and 1.5% Blocking Reagent (Roche). Alkaline phosphatase conjugated FAB fragments against DIG (1:4000) were incubated with the embryos over night at 4°C. Excess antibody was removed by two 40min washes with blocking buffer. Embryos were rinsed 8x with MABT and 3x with NTMT (100mM Tris pH 9.5, 50mM MgCl2, 100mM NaCl, 0.1% Tween-20). Staining reaction was carried out in NTMT supplemented with NBT (350μg/ml) and BCIP (175μg/ml) (Roche) for up to three days. Embryos were then cleared in a MeOH series. Embryos were mounted in 2.7% methyl cellulose in PBST (pH 7.4) and imaged under a M205 FA stereo microscope (Leica) equipped with a DFC420C CCD camera (Leica). To combine single fluorescent WISH with immunohistochemistry as described (Jekely and Arendt, 2007) , following changes were made to the above protocol: Blocking Reagent was replaced by 5% sheep serum 
Full length and EST clones
Plasmids containing Danio rerio full-length and EST cDNA sequences were obtained from following sources. bmp4, lft2 and lft1 were a generous gift from J. Essner. The spaw and ndr-2 plasmids were provided by M. Rebagliati. The plasmid containing vcana was generated by S.
Rohr. Additionally, full or partial sequences of has2 were cloned de novo into the pSC-B (Stratagene) or pCS2+ vector by targeted priming. Transcript sequences were amplified from 24 somite stage whole embryo cDNA by PCR using the following primer pairs:
has2 fw: 5`-CGCTCGAGAATTAGCTGACAACTTCAGAATGAACTTCC-3`
has2 rev: 5`-ACGGATCCGCAGCATTGATGTCTCCTTACAGTGT-3`
Misexpression constructs and injections
The Gateway Tol2 kit (Kwan et al., 2007; Villefranc et al., 2007) In parallel, we designed a p5E-myl7 entry vector in which the myl7 promoter sequence was transferred into the p5E-Fse-Asc Gateway vector using the following primers:
myl7_FseI_fw: 5`TCTGGCCGGCCTGACCAAAGCTTAAATCAGTTG3` and myl7_AscI_rev: 5`TCTGGCGCGCCTCACTGTCTGCTTTGCTGTTG3`
To generate the injection constructs, we performed a LR reaction using different pME clones, p5E-myl7, p3E-IRES-EGFPCAAXpA and the destination vector pDestTol2pA2. For the myl7:caMLCK_myl7:EGFP and myl7:EGFP_myl7:EGFP expression constructs, we used p3E-polyA and the destination vector pDestTol2CG. To increase transient expression efficiency, expression construct DNA was co-injected with transposase mRNA into one-cell stage embryos.
Microarrays based screen for Bmp pathway targets
RNA processing and chip hybridization was performed by imaGenes GmbH (Berlin, Germany) according to Agilent standard procedures. In brief, for each sample, 200ng of intact (RIN > 8)
total RNA was subjected to a single amplification step and Cy3 labeling reaction. 1.5 µg of labeled cRNA were hybridized to Zebrafish (V2) Gene Expression Microarrays (G2519F-019161, 4x44K) and spot intensities recorded on a G2565BA scanner (Agilent Technologies).
Microarrays were performed in single replicates for WT and Bmp2b overexpression samples.
Raw expression values were adjusted in R (www.r-project.org) using variance stability normalization. To discriminate true Bmp pathway target genes from unspecific heat-shock responses, probes differentially expressed between all samples were clustered with Cluster 3.0 (de Hoon et al., 2004) using the city-block clustering algorithm with complete linkage settings.
Enrichment Analysis
Human orthologs for all target genes were obtained via BLASTX alignment of zebrafish transcript sequences against UniProt (http://www.uniprot.org/) entries for Homo sapiens. 
MIQE compliant RT-qPCR procedures
Quantitative real-time PCR (RT-qPCR) experiments were conducted in compliance with the MIQE standard (Bustin et al., 2009) . Procedures followed general considerations as published (21). RT-qPCR experiments were designed as triplicate reactions. RNA from cardiac tissue was prepared as described. For each sample, 100-300ng of total RNA were reverse transcribed with the Omniscript RT Kit (Qiagen) according to manufacturer's instructions. pd(T)12-18 oligomers (GE Healthcare) were used for priming. RNase activity was blocked by 1U/µl Ribolock (Fermentas). Resulting cDNA was diluted in nuclease free water (Ambion) and stored at -20°C.
Primers were designed according to published guidelines (Nolan et al., 2006) RNA and gene specific primers at the indicated concentration. Primer-dye mixes were spotted first by manual pipetting using filter tips (Axygen) and diluted cDNA was added in a second step. All reactions were spotted in triplicate. Cycling was initiated with a 15min activation step at 95°C followed by 50 cycles of 15sec denaturation at 95°C, 20sec annealing at 60°C, and 30sec extension at 72°C followed by photometric measurement. All primer pairs were thoroughly tested for occurrence of primer dimers or off-target amplification by gel electrophoresis. Gene specificity of amplicons was assessed by sequencing the PCR products. Amplification efficiencies were calculated from dilution series C q s with REST2009 software (Qiagen). C q s were determined automatically by iQ5 software v2.0.148.60623 (BioRad) with the PCR Base Line Subtracted Curve Fit mode. Eight potential reference genes for normalization were assayed with the geNorm algorithm for expression stability. Following reference genes were chosen: cfl1 and rpl8 to assay differences between WT samples and rpl3, gnb2l1 and myl7 to normalize spaw MO data at the 20 somite stage. All assays were carried out as technical PCR replicates.
Differential gene expression analysis was carried out in REST2009 using 10000 randomizations. RT-qPCR experiments were performed as technical triplicates on an ABI Prism 7900 sequence detection system (Applied Biosystems) and analyzed with the SDS 2.4 software (Applied Biosystems). Per reaction, 5ng cDNA was used in a total volume of 20µl containing 10µl KAPA SYBR FAST Bio-Rad iCycler 2X qPCR Master Mix (Kapa Biosystems) and 100 nM of both the forward and the reverse primer. The following settings were used: 2min at 50°C, 10min at 95°C, then 40 times 15sec at 95°C and 1min at 60°C; followed by a dissociation curve stage.
Reference Genes

RT-qPCR data analyses
For the zebrafish experiments, results were analyzed using the comparative threshold cycle (Ct) method (2 -ΔΔCt ) to compare gene expression levels between samples as previously described (Livak and Schmittgen, 2001) . Zebrafish eif1b was used as internal reference gene. 
Statistical analysis of heart tube length
The length of the heart tube at 24hpf was measured between the outflow tract and the most anterior rim of the inflow tract using the overlay tool of the LSM image browser (Zeiss). The hearts were visualized using the MF20 immunostaining (blue) and the myl7:EGFP expression. 
